Abstract. In the evaluation of sedimentation equilibrium data for polydisperse nonideal solutions, extrapolation procedures are required for the determination of the true solute weight-average molecular weight and of the light-scattering second virial coefficient. In an attempt to decide just which concentrationdependent parameter should be used in making these extrapolations, Van Holde and Williams, J. Polym. Sci., 11, 243 (1953), and Fujita, J. Phys. Chem., 63, 1326 (1959), and ibid. ,73, 1759(1969), have derived relations between apparent and true weight-average molecular weights which, starting from approximate forms of the same differential equations, appear to give different working expressions. The present analysis of these results will demonstrate new and perhaps unexpected relations between them.
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Further, these approximations are discussed in. terms of certain of the available experimental data, the purpose being to clarify the conditions under which the behavior of a polydisperse nonideal solution in the ultracentrifuge may be treated as if a nonideal two-component sytem were involved.
Introduction. For a two-component system at equilibrium in the ultracentrifuge, the data may be represented by the following equation : (MaPp)-l = I1/-1 + 2-B(c, + Cm).
(1) 2 The apparent molecular weight of the solute, MaPP, is the experimental quantity defined by 3Jlap) = (Cb -Cm)/XCo.
In this expression, cO is the initial concentration in g/dl, c, and cm are the actual equilibrium concentrations at the bottom and at the meniscus of the solution column, respectively, and A is given by A(1 -pO)w(r-r (b 2)
2RT
The angular speed of the rotor is denoted by w, vi is the partial specific volume of the solute, po is the solvent density, and rb and rm are the respective radial posi- Here, ill is the gram molecular weight of the solute species i, ci is the concentration at r of species i, and x is a dimensionless distance parameter,
The distance from the center of rotation to a point in the solution column is denoted by r. The activity coefficient for species i 
Using the definition,
and its analogue for the apparent molecular weight, they derived the equation Application of the definition of MaPP permits rearrangement of equation (13) to the following form:
The similarity of equation (16) 
Multiplication of equation (10) 
Fujita has considered the newer treatment6 to be an improvement over his earlier result,2' 5 since it required the replacement of both (c, + Cm) and A by their values calculated on the basis of equations (21), while the newer analysis involved calculation of A only with these equations. Equation (20) is the result of a factoring operation followed by rearrangement based upon the property of associativity for addition. Finally, the ideal approximation for the concentration distribution was introduced to calculate A. The degree of approximation should not depend upon the particular stage in the rearranging process at which equations (21) are introduced. Also, factoring the quantity (c, + cm) introduced a like term in the denominator of A, so that it is not obvious that Fujita improved upon his previous work.
To compare Fujita's recent approximation to his earlier one, the initial concentration co is written in terms of the quantity 1/2(Cb + cm) for 
In equation (28), the nonideal term has been calculated by using equations (21). Assumption (9) has been introduced only for evaluating the term in X2. Elimination of co between equations (27) and (28) yields 2 Introduction of equation (9) into (29) yields equation (20), to terms in X , with A being given by equation (22). Consequently, Fujita's latest result is equivalent to his own previous approximation' when idealized concentration distributions are used to approximate A. With such an approximation, Fujita's latest result' is more restrictive than it need be, since (29) can be derived so that assumptions regarding the Bik appear only in terms proportional to X2 and higher orders in X.
Discussion.-Of several experimental efforts which provide tests of these equivalent approximations, two are to be discussed. In one of them,7 the method of Van Holde and Williams4 was applied to the study of polyisobutylene in isooctane at 250C., and the resulting extrapolated values for M'PP were compared to the corresponding quantities determined in ethyl n-heptanoate at 34WC., which is a theta solvent for this polymer. Discrepancies as large as 25% were detected in the higher molecular weight range (278,000-588,000 gm/mole), and consequently it was concluded that the method of Van Holde and Williams would be inaccurate except when applied to solutes of relatively low molecular weight.
More recently, Utiyama et al.8 have investigated the sedimentation equilibrium behavior of mixtures of two polystyrene fractions in 2-butanone at 250C. Although their main concern was the use of X as an experimental variable (see also the disclosures of Albright and Williams9), they also discussed the application of the ultracentrifuge to studies of polydisperse nonideal solutes at constant values of X. In reference to the earlier results of Mandelkern et al., they stated: "The difficulty in the extrapolation of 1/Mapp to co = 0 reported by Mandelkern, et al., for a high molecular weight sample of polyisobutylene in isooctane is simply due to the fact that the value of MX used in their experiment was too large." They presented a figure which showed that extrapolation of (MWPP)-l to co = 0 yielded the same ordinate intercept as they had obtained by taking into account the X dependence. Finally, they displayed a plot of (MJ'PP)-l as a function of co(1 + X2M,2/12) to show the advantage of the plot using the reciprocal of the apparent weight-average molecular weight, and from the slopes of such plots they evaluated BLS for several different mixtures of the polystyrene fractions. 
